Abstract
INTRODUCTION
An intermediate coronary lesion (ICL) on angiography is defined as a luminal narrowing with a diameter stenosis ≥ 40% but ≤ 70%. Cardiac catheterisation laboratory assessment of a coronary lesion with in termediate severity continues to be a challenge for cardiologists both from a diagnostic and therapeutic perspective. Selective coronary angiography (CAG) is accepted as the standard for determining the presence and extent of epicardial coronary artery disease (CAD), but has obvious limitations given that it provides only a twodimensional projection of the threedimensional geometry of the coronary artery lumen [1, 2] . Although there is little controversy regarding the usefulness of CAG in separating patients with entirely normal coronary arteries from those with severe highgrade stenotic lesions, the potential of the coronary arteriogram in predicting the hemodynamic significance of lesions that appear angiographically moderate remains con troversial [3] . For this subset of obstructions, a number of adjunctive, invasive techniques have been proposed to improve the diagnostic accuracy of the coronary angiogram. Fractionalflowreserve (FFR) represents the gold standard to evaluate ICL. Three randomized trials (DEFER, FAMEⅠ and FAMEⅡ) established FFR as the gold standard for assessing the significance of nonleft main coronary artery intermediate lesions [4] . Intracoronary FDOCT, on the other hand, is a novel, advanced imaging technique that allows ultrahigh resolution evaluation of the coronary artery lumen, 1020 times higher than the resolution obtained by intravascular ultrasound (IVUS) [5] . The superior spatial resolution of OCT could thus very well translate into meaningful clinical benefits in patients with ICL. However, while the superiority of OCT in comparison to any other available intravascular imaging modality in terms of spatial resolution is unchallenged, there is uncertainty in its riskbenefit role in routine extensive clinical practice compared to IVUS or angiography alone [6, 7] . In the setting of ICL, no interventional study has to date investigated whether FDOCT, as an invasive intracoronary imaging technique, is safe and effective in the evaluation of ICL, in guiding their treatment, and in optimizing procedural outcomes. Furthermore, the efficacy and safety of OCT in evaluating and treating ICL in patients presenting with acute coronary syndromes (ACS) as opposed to stable angina (SA) alone is unknown. We therefore designed this study aiming to explore the safety and efficacy of FD-OCT in dealing with angiographicallyborderline coronary artery lesions in the cardiac catheterisation laboratory.
MATERIALS AND METHODS

Ethics and organization
This was a single center, prospective, interventional study to investigate the safety and efficacy of FD-OCT in the evaluation and treatment of patients with ICL. The study protocol was approved by the ethics committee of the First Affiliated Hospital of Nanjing Medical University (Ethics Approval ID: 2017SR328). The study conforms to the Declaration of Helsinki. Each patient gave written informed consent prior to the procedure.
Study population
From August 2016 to August 2017, diagnostic CAG was performed at the interventional cardiology center of the First Affiliated Hospital of Nanjing Medical University, Nanjing, China, on patients presenting with one of the following: SA, defined as chest dis comfort and associated symptoms precipitated by some form of physical activity, with minimal or non existent symptoms at rest or after administration of sublingual nitroglycerin, unstable angina (UA, defined as chest pain occurring at rest or minimal exertion and generally lasting more than 20 min, or severe and newonset chest pain, or chest pain manifesting in a crescendo pattern, with no biochemical evidence of myocardial damage), non STelevation myocardial infarction [NSTEMI, biochemical evidence of myocardial damage with no STelevation on electrocardiography (ECG)], or STelevation myocardial infarction (STEMI, biochemical evidence of myocardial damage with ST elevation on ECG). Most of these patients had initial noninvasive testing for CAD with either Exercise Stress Test or Coronary Computed Tomography Angiography. Patients of all ages in whom assessment by 2DQCA demonstrated ICL (considered as lesions with an an giographic stenosis severity of ≥ 45% but < 75%), and who consented to undergo further assessment with OCT, were enrolled in the study to determine whether they would benefit from PCI or OMT. Sixty-four patients with angiographicallydemonstrated ICL consented to proceed with imaging. Based on the OCT findings, the patients were assigned to one of 2 arms: OCTGuided PCI or OCTGuided OMT. Predetermined OCT criteria used to decide which patient to assign to which arm were as follows: patients with an ICL atherosclerotic plaque burden > 76%, or a minimum luminal area (MLA) < 2.6 mm 2 , or in whom unstable plaque factors existed (endocardial discontinuity, or a fibrous cap thickness < 65 µm, or a large lipid core > 180 degrees, or evidence of macrophage aggregation) were assigned to the PCI arm. On the other hand, patients with a plaque burden ≤ 76%, and with a MLA ≥ 2.6 mm 2 , and in whom OCT showed no features of plaque instability were assigned to the OMT group. The inclusion criteria for this study were only those participants in whom diagnostic CAG and 2DQCA demonstrated ICL and who consented to undergo further evaluation with OCT imaging. Exclusion criteria were subjects presenting with cardiogenic shock, acute stroke, renal dysfunction, left main stem ICL, and acute or chronic total occlusion coronary lesions.
Study endpoints
The primary efficacy endpoint of the study was to demonstrate that FDOCT is superior to and more accurate than 2DQCA alone in evaluating the degree of stenosis in patients with ICL. The primary safety endpoint was defined as the incidence of 30d MACE composed of cardiac death, periprocedural myocardial infarction (MI), acute stent thrombosis, emergency coronary artery bypass graft, significant vessel dissection or perforation, cerebrovascular accident and major vascular complications in both the OCT guided PCI and OCTguided OMT groups. Secondary end points were the incidence of MACE at 12 mo, plus recurrent episodes of angina, repeat hospitalisation, major bleeding events, minor bleeding episodes (defined as minimal amount of bleeding, for example bruising, bleeding gums and oozing from injection sites, not requiring intervention or treatment), stroke and heart failure. All outcomes were defined in keeping with the Academic Research Consortium recommendations [8] .
Quantitative coronary angiography imaging
2DQCA measurements of the ICL were performed offline using an automated software. These were done on image sequences adequately filled with contrast and when the vessel was not foreshortened. Calibration was performed on the contrast filled segment of the guiding catheter.
OCT image acquisition and analysis
OCT imaging was performed using a FDOCT system (C7XR OCT Intravascular Imaging System, St. Jude Medical, St. Paul, MN, United States). The radial approach was used in most patients (87%) for CAG and OCT imaging. Weightadjusted, unfractionated heparin or bivalirudin was administered for anticoagulation. After placement of the guiding catheter (6 Fr) into the coronary ostium, a standard percutaneous transluminal coronary angioplasty guide wire was advanced into the coronary artery and the lesion was crossed. The C7 Dragonfly™ OCT catheter was then advanced over the wire. Once the catheter was positioned distal to the lesion, it was pulled backed manually at a speed of 15 mm/s. All images were acquired using a nonocclusive technique with manual injection of isoosmolar iodixanol (Visipaque™ by GE Healthcare) contrast to clear the vessel of blood. OCT image analysis scrutinized serial crosssectional images of the vessel at 1 mm intervals using the Light Lab Imaging offline software.
Measurements
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12-mo follow-up
All patients were individually followed up for a total period of 12 mo to record the incidence of MACE, defined as the occurrence of any one or more of the following: death, recurrent MI, stent thrombosis or repeat revascularization of the target lesion. Other clinical events recorded during this 12mo period were the incidences of recurrent episodes of angina, repeat hospitalisation, stroke, heart failure and bleeding events if any. All clinical events were recorded using a clinical report form and evaluated independently by a blinded clinical events committee.
RESULTS
Baseline characteristics
A total of 64 patients were included in the study to proceed with OCT after diagnostic angiography and 2DQCA demonstrated an angiographically intermediate coronary lesion. Following OCT imaging and in accordance with the predetermined OCT criteria mentioned above, 38 patients (59.4%) were assigned to the PCI arm, and the other 26 patients (40.6%) to the OMT arm ( 
Statistical analysis
No statistical samplesize calculation was undertaken in this study as this was a pioneering experience of our center in terms of use of intracoronary OCT imaging to assess ICL leading to several patients not consenting to the OCT procedure, hence automatically reducing our sample size, and given the time restriction of the current study to 1 year duration which further limits the number of subjects that could be included in the study, statistical calculation of sample size to achieve a reasonable statistical power would have been futile. ] (P = 0.029). The mean % AS was less severe (67.77% ± 6.44%) in the OMT as opposed to 74.02% ± 6.43% in the PCI arm (P = 0.001).
FD-OCT findings
These findings are summarized in Table 3 . All lesions were suitable for OCT imaging analysis, which revealed a higher mean stenosis severity (mean % AS) of the ICL in the PCI group (72.22% ± 7.39%) compared to the OMT group (61.87% ± 7.51%) (P < 0.001). ] (P = 0.001), while there was no significant difference between the median RA obtained in the PCI vs the OMT arm (P = 0.507). Furthermore, the ICL in all the patients comprising the PCI group demonstrated either features of plaque ins tability, or a plaque burden exceeding 76%.
Efficacy assessment
OCT was successfully performed and welltolerated in all of the intervened patients. The primary efficacy endpoint was met by comparing the mean RA, MLA and AS values obtained by 2DQCA analysis with similar parameter values from OCT imaging (Table 4) . Our results clearly demonstrate that 2DQCA overestimates the stenosis severity of the ICL both in the OCTguided PCI and OMT groups. In the PCI group, the mean AS was 72.22% ± 7.39% as assessed by OCT, compared to 74.02% ± 6.44% by 2DQCA (P = 0.027). In the same group, the mean MLA was found to be 2.58 ± 1.04 mm 2 by OCT as opposed to 2.14 ± 1.00 mm 2 by 2DQCA analysis (P < 0.001). Similarly, the mean RA was 9.39 ± 3.28 mm 2 by OCT compared to 8.16 ± 3.24 mm 2 by 2DQCA evaluation (P < 0.001). In the OMT group, similar results were obtained in that 2DQCA assessment demonstrated a comparatively smaller most of the ICL (57.8%), followed by the right coronary artery (23.4%) and circumflex artery (18.8%). The mean postprocedural inhospital stay was 3.0 ± 0.7 d. Discharge treatment was similar in both arms with 100% prescription of aspirin, and 100% and 96.1% prescription of P2Y12 inhibitors in the PCI and OMT groups respectively.
Correlation of admission diagnosis with OCT findings and treatment modality
Of the 38 patients in the PCI group, the vast majority of them (34, 89.5%) presented with UA, only 4 (10.5%) with SA, and none with NSTEMI or STEMI ( Table 1) . On the other hand, out of the 26 patients treated with OMT, most of them (19, 73 .1%) were also admitted with UA, while the rest were divided between SA (3, 11.5%), NSTEMI (2, 7.7%) and STEMI (2, 7.7%). UA was therefore, by far the most common admission diagnosis in both the PCI and OMT groups. Furthermore, from the UA admission subgroup of 53 patients, 34 (64.1%) were treated with PCI while the rest (19, 35 .9%) were treated with OMT, while in the SA subgroup of 7 patients, 4 (57.1%) were managed interventionally, and the rest (3, 42.9%) medically. On the other hand, the 4 (6.2%) patients presenting with NSTEMI and STEMI combined were all treated with OMT after OCT imaging was performed.
2D-QCA findings
PreOCT 2DQCA findings are summarized in 
Clinical outcomes at 12-mo follow-up
Followup was undertaken in person so as to achieve optimal subjective evaluation, after each of the 64 patients was telephonically informed of his/her followup date. None of the patients were lost to follow up. At 12 mo, no death, thrombosis, heart failure, cerebrovascular accidents and major bleeding events was observed in either group. Only 1 recurrent MI (2.6%) was noted in the OCTguided PCI group that had no relation with the target vessel (Table 5) , while none was recorded in the OCTguided OMT group. With regards to the rates of target lesion revascularization, no significant difference (2.6% vs 0%) was noted between the 2 groups. Repeat episodes of angina was the only most frequent event observed, with 13 (34.2%) patients in the PCI arm reporting recurrent chest pain, compared to 8 (30.1%) patients in the OMT arm. The incidences of the remaining 2 secondary endpoints (repeat hospitalization and minor bleeding events) were also low and similar in both groups, making the overall comparison of safety clinical outcomes between the OCTGuided PCI and OCT-Guided OMT groups not statistically significant (P = 0.634) (Figure 2 ).
mean RA (P = 0.005) and mean MLA (P < 0.001), thereby leading to an overestimation of the mean % AS by 2DQCA in comparison with FDOCT (67.77% ± 7.31% vs 61.87% ± 7.51%), (P < 0.001). The results of the efficacy assessment of OCT compared to 2D-QCA in evaluating the stenosis severity of ICL were therefore statistically significant as illustrated by the box plot diagrams in Figure 1 .
Safety assessment
No procedural complications were observed, including the noreflow phenomenon, acute vessel occlusions, coronary vasospasm, angiographicallydetectable dissections, thrombi formation or embolic phenomena. Transient chest discomfort during the procedure was rare, with no significant ECG changes. Furthermore, none of the patients in the 2 groups developed acute kidney injury following the procedure. There were also no serious inhospital postprocedural adverse events noted. The primary safety endpoint (incidence of MACE at 30 d postprocedure) was fully met in both groups, with none of the 64 patients experiencing any of the following: Cardiac death, postprocedure MI, acute stent thrombosis, significant vessel perforation or dissection, emergent revascularization, major vascular complications or cerebrovascular accidents. However, given the relatively small sample size of this study, the 
morphology features, or a plaque burden exceeding 76% are likely to benefit more from PCI than OMT. For ICL with a % AS between 62% and 72%, the decision whether to proceed with OMT or PCI should be taken on an individual basis, taking into account whether unstable plaque factors exist and the % of atherosclerotic plaque burden. To the best of our knowledge, the only study that compared 2DQCA directly with OCT in the assessment of coronary artery lesion dimensions was conducted by Mazhar et al [9] . It showed there is a good correlation between QCA and OCT for measurement of proximal and distal reference diameters of a lesion, but the MLD was underestimated by QCA. The latter findings are in keeping with the results of our study. However, the aim of this study did not set its focus on the ICL subset of narrowings, but instead considered a whole range of coronary stenoses from moderate to severe.
The results of our study also demonstrate that the primary safety endpoint (incidence of 30d MACE) was fully met, with none of the 64 subjects experiencing any serious postprocedural adverse events such as cardiac death, postprocedure MI, acute stent thr ombosis, significant vessel perforation or dissection, emergent revascularization, major vascular compli cations or cerebrovascular accidents. Therefore, major complications following intracoronary OCT study of ICL are highly unlikely, which can be minimized using a careful procedural scheme. Furthermore, no patients developed acute kidney injury during their inhospital stay despite the additional amount of contrast media used during the FDOCT procedure. However, these
DISCUSSION
The present study is the first to date to explore the safety and efficacy of FD-OCT in evaluating and guiding the treatment of patients with ICL. Several studies have analyzed the role of OCT in guiding PCI and evaluating postPCI results. However, none has thus far investigated the efficacy and safety of OCT in the evaluation and optimal treatment of angiographically borderline coronary artery lesions.
The statistically significant results demonstrated by our study as reported in Table 4 and Figure 1 prove that FDOCT is superior to and more accurate than 2DQCA in evaluating stenosis severity in ICL owing to its superior spatial resolution, thus meeting our primary efficacy endpoint. FDOCT provides a more accurate evaluation of stenosis severity in ICL, and hence positively influences physician decisionmaking regarding whether to proceed with PCI or to treat the lesion medically. In addition, other parameters such as % plaque burden and unstable plaque morphology can be clearly delineated and measured by FDOCT, crucial in influencing physician decisionmaking in the setting of ICL. From our results of % mean AS by OCT in Table 3 (72.22% ± 7.39% in the PCI and 61.87 ± 7.51 in the OMT group), we may conclude that it is beneficial to proceed with OMT as opposed to PCI in any ICL with an average % AS of less than 62% on FDOCT imaging, provided that plaque stability is not compromised and the plaque burden is ≤ 76%. These results also lead us to conclude that lesions with an average % AS greater than 72%, or demonstrating [10] . The small number of patients comprising this subgroup limits our ability to conclude whether OCT is safe and effective in the setting of an acute myocardial infarction (AMI). However, it does importantly demonstrate that patients with AMI not always require PCI, but can be managed conservatively should OCT demonstrate no features of plaque instability or no significant stenosis. These deductions can potentially be linked to the findings of the recently published landmark ORBITA trial [11] . The latter indicated that among SA patients with anatomically and functionally significant coronary stenoses (≥ 70% severity), PCI did not result in greater improvements in exercise times or anginal frequency compared with a placebo procedure, though it did resolve ischemia more effectively as ascertained by followup stress echocardiography, these findings requiring however to be validated in a larger randomized controlled trial. Even though the ORBITA trial did not involve the use of OCT as an imaging tool to evaluate the degree of stenosis on the coronary lesions and its aim was, in fact, to evaluate the efficacy of PCI compared with a placebo procedure for angina relief among patients with SA, it did however show that SA patients with severe coronary stenoses are not automatically candidates for PCI, as many of them can have an equally good outcome with OMT. In this setting, OCT can be of utmost value in guiding the interventionist to decide as to which of these patients will benefit more from PCI than OMT and vice-versa, based on accurate OCT assessment of stenosis severity, and other crucial parameters such as plaque instability and % of atherosclerotic plaque burden obtained from the OCT study.
Whether OCT is effective and safe in evaluating and treating ICL in patients presenting with an AMI, in whom emergency CAG shows no obstructive lesions, but instead borderline or even minimal coronary ste nosis in accordance with the MINOCA entity, is an important issue. In the setting of an unstable patient with an AMI undergoing emergency CAG, the efficacy and safety of FDOCT with regards to the optimal outcome for the patient is debatable. FDOCT can be timeconsuming in less experienced hands, requires additional instrumentation and increased doses of contrast agent and anticoagulants. On the other hand, it does provide vital information on plaque stability or instability of the ICL suspected to be the infarctrelated lesion, crucial in aiding decision whether to proceed with PCI or OMT in the AMI setting. In their study on the OCT evaluation of intermediate coronary lesions in patients with NSTEMI, Bogale et al [12] showed that OCT imaging confirmed the lack of severe anatomical stenosis in most patients but also identified coronary lesions with unstable features. On the other hand, Takahashi et al [13] showed in their case report on an OCTbased diagnosis results evaluating safety endpoints of the current study should be interpreted with appropriate caution, given the relatively small sample size. In addition, other safety endpoints such as duration of the procedure, fluoroscopy time, amount of contrast media used, and radiation dose delivered were not formally evaluated by our study. Evaluation of the secondary endpoints showed that at 12 mo, up to onethird of patients in each group experienced recurrent episodes of chest pain, the most frequent event of the secondary endpoints (Table 5) . Whether repeat episodes of angina has any relation to the intervened or nonintervened ICL is a difficult question to answer, and therefore cannot be used on its own as a measure to evaluate success or failure of the FDOCT procedure. Factors such as the patient' s subjective interpretation of angina, progression of disease, de novo coronary lesions, poor compliance to antiplatelet therapy are factors that could account for recurrence of angina episodes in these patients. However, with the exception of the relatively high incidence of repeat episodes of angina in both the OCT guided PCI and OCTguided OMT groups, incidence of the other secondary endpoints such as MACE at 12 mo and other adverse clinical events during that time period were nil or similarly very low (Figure 2) , leading to the comparison of safety clinical outcomes between the 2 groups being statistically not significant. This proves that FDOCT is a safe technique as it did not itself contribute to a worse clinical outcome whether the patient was treated with PCI or OMT following intracoronary OCT imaging.
Further deductions can be made from the results of our study. 53 of the 64 patients (82.8%) presented with UA, only 7 (10.9%) patients presented with SA, while NSTEMI and STEMI presentations accounted for 2 patients each (6.2% combined) ( Table 1) . From these findings, it can be inferred that patients with ICL have a high likelihood of presenting with symptoms of UA and are at increased risk of acute coronary events. OCT thus presents as a crucial investigative tool to decide whether to treat the ICL in these patients interventionally or conservatively, depending on the OCT findings of % AS, plaque instability and % plaque burden. Out of the 53 patients who presented with UA, there was a significant difference between the percentage of subjects treated with PCI (64.1%) compared to OMT (35.9%), showing that OCT is determinant in guiding optimal therapy of the ICL found in this subset of ACS patients. With regards to the SA subgroup of 7 patients, 4 (57.1%) were treated with PCI, while the remaining 3 (42.9%) were managed medically; however, the number of patients comprising this subgroup was too small to draw any definitive conclusions.
On the other hand, only 4 (6.2%) patients in our study presented with either a STEMI or NSTEMI, all of whom were treated with OMT postOCT. In this minority of patients, no indications were found to Khurwolah MR et al . FD-OCT to evaluate and treat intermediate lesions would have reached similar conclusions in dealing with ICL alone cannot be answered. Therefore, in our opinion, the present study is of significant value as it is the first one ever to investigate both the efficacy and safety of FDOCT in evaluating and guiding the optimal treatment of patients with angiographicallyborderline coronary artery lesions.
Study limitations
The present study has certain noteworthy limitations. First, it was a singlecenter study conducted over a 1 year period with a relatively sample size which was nevertheless reasonable considering the time duration of the study and the selection criteria of the patient population being studied. Because of the small sample size, the study lacked statistical power to determine whether the more accurate mean % AS measurement obtained by FDOCT contrasted significantly with that obtained by 2DQCA, even though a statistically significant difference was actually observed. In addition, as explained in the methodology section, no statistical samplesize calculation was undertaken in this study. Second, this was a nonrandomized study as the sub jects were assigned to either arm based on specific predetermined OCT criteria. Confounding and bias resulting from nonrandomization could potentially affect the results of the study. In view of the favorable experience of this study, we intend to conduct a multi center clinical trial which is registered in ClinicalTrials. gov (NCT03229993), with a larger sample size and a longer clinical study and followup time duration.
CONCLUSION
Our study clearly demonstrates that in evaluating and treating patients with angiographicallyintermediate coronary lesions, OCT is a safe and effective ultrahigh resolution imaging technique. It is superior to and more accurate than visual diagnostic CAG and 2DQCA, hence allowing better evaluation and treatment of the ICL subset of coronary narrowings. In experienced hands, major procedural complications are rare, as are short to mediumterm MACE. The data from our study warrant a largescale randomized controlled trial to establish if OCT is equally safe and effective in the evaluation and treatment of ICL in patients presenting with the whole spectrum of ACS and SA, and whether proceeding with OCT imaging in these subjects does actually improve clinical outcomes in comparison with decisions based on angiographic guidance alone.
ARTICLE HIGHLIGHTS
Research background
Conventional angiography and other adjunct coronary imaging techniques such as fractional flow reserve and intravascular ultrasound have in the past been used to evaluate the anatomical and physiological significance of coronary lesions considered to fall in the intermediate category (40%-70%). However, to this date, no study has been conducted to assess the safety and efficacy of in a patient with STEMI and nonobstructive coronary arteries that OCT may provide a clue to identifying the underlying pathophysiological process especially in patients with MINOCA caused by coronary disorders. Another case report by Shah and Ing on the role of OCT in managing patients with STEMI demonstrated that OCT offers significantly improved resolution over IVUS, and hence should be used for assessment of the infarctrelated lesion, especially in cases where the underlying pathophysiology is not clearly evident. The authors however pointed out that performing such an investigation requires additional vessel instrumentation and increased contrast use [14] . Both of these case reports and the clinical study by Bogale et al [12] did not shed any light though on how safe and effective OCT is in dealing with the ICL subset of lesions in a patient presenting with an AMI. The only 3 efficacy clinical studies conducted so far on the OCT evaluation and treatment of patients with angiographicallyborderline coronary lesions mostly focused on comparing OCT with FFR, but none investigated how effective OCT is as a standalone technique in dealing with ICL in the cardiac cathe terization laboratory [1517] . Furthermore, the OPUS CLASS, CLI-OPCI and ILUMIEN Ⅰ studies clearly show the advantages conferred by OCT in providing reliable quantitative measurements of coronary artery dimensions, improving clinical outcomes of patients undergoing PCI, and positively influencing both physician decisionmaking and procedural strategy pre and post PCI respectively [1820] , while the ILUMIEN Ⅱ, OPINION and CLIOPCI Ⅱ studies all investigated the efficacy of OCT in assessing stent deployment and expansion [2123] . Despite highlighting the clinical and interventional benefits of OCT, none of these trials however explored the efficacy of this ultrahigh resolution intracoronary imaging procedure in the ICL subset of stenosis alone.
On the other hand, whether the theoretical ad vantages of OCT also translate into safety benefits has been evaluated by only a limited number of clinical trials to date. A pioneering experience by Imola et al [24] on the safety of FDOCT to guide decision making in PCI, showed OCT guidance to be safe. Furthermore, a multicenter study by Yoon et al [25] demonstrated that FDOCT provides fast and reliable resolution images of the coronary artery, and the pullback can be safely performed over long segments of the artery without serious adverse events. The only 2 published rando mised trials to have compared OCTguided PCI with angiography-guided PCI (ILUMIEN Ⅲ and DOCTORS) both showed that OCTguided PCI was safe and did not increase periprocedural complications [26, 27] . Three other studies successfully demonstrated the safety and also the efficacy of intravascular OCT for coronary artery evaluation in the clinical setting, none of which however focused on the ICL subset of coronary narrowings [2830] . So despite demonstrating intracoronary OCT to be a safe procedure, the question as to whether the above studies
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Khurwolah MR et al . FD-OCT to evaluate and treat intermediate lesions of secondary endpoints were also found to be low in both arms, the only exception being the relatively high incidence of recurrent episodes of angina which was, however, very similar in the 2 groups. Analysis of the above results gives a clear insight into the superiority of FD-OCT compared to 2D-QCA in evaluating stenosis severity of ICL, and lays a foundation on which further studies to further reinforce this finding and implement its application in clinical practice in managing patients with angiographically-borderline lesions, owing to the efficacy of the FD-OCT in this setting. The findings of the present study also highlighted the safety of this intracoronary-imaging technique in the same setting. However, these results should be interpreted with appropriate caution, given the relatively small sample size of the study, which resulted in the study lacking statistical power. In addition, patients across the different CAD population subgroups are not equally represented in this study, especially patients presenting with an AMI. Further studies are required to address these limitations from our present study, so that the safety and efficacy of FD-OCT can be extrapolated to the management of ICL in patients presenting with different categories of CAD.
Research conclusions
To this date, the efficacy and safety of FD-OCT when specifically faced with an ICL in the cardiac catheterization laboratory irrespective of the clinical presentation of the patient, was unknown. The present study provides significant insight into the topic and successfully meets the objectives laid out by its investigators. It shows that in evaluating and treating an ICL, performing FD-OCT following coronary angiography adds significant value to the assessment and management of that lesion, and is found to be a safe and effective procedure in this setting. However, further studies are required with larger sample size and higher statistical power to determine whether this statement can be applicable to patients with ICL across the different CAD population subgroups, and if OCT is equally safe and effective in treating ICL in patients presenting with an AMI, compared to those presenting with UA or SA. It is expected that this pioneering study sparks further interest amongst researchers in the field of CAD and amongst interventional cardiologists in practice to design and conduct large, multicenter clinical trials in order to obtain more reliable data that can be used to implement guidelines and positively change clinical practice, as well as provide direction for future research in this field and in the clinical setting of ICL.
Research perspectives
This study shows that 2D-QCA leads to an overestimation of lesion severity in comparison to FD-OCT, which is a prerequisite for overtreatment. On the other hand, the results show that OCT-guided decision making seems to be safe. The population with intermediate coronary lesions is largely underrepresented across different randomized trials. Therefore, despite its relatively small sample size, this prospective single center interventional study adds a lot of important data to the topic and provides a good platform for future larger multicenter clinical trials to be conducted to further reinforce the utility of FD-OCT in evaluating and treating ICL with regards to its safety and efficacy in this specific clinical setting. frequency-domain optical coherence tomography (FD-OCT) in the evaluation and treatment of angiographically-intermediate coronary lesions (ICL). Our interventional team wanted to explore if FD-OCT could assist us in our daily practice to better evaluate and treat this subset of coronary lesions, compared to when angiographic-guidance alone is used to guide decision making in this clinical setting.
Research motivation
The current study addresses a very important topic in interventional cardiology, as it focuses specifically on the management of ICL. Cases of coronary lesions considered to be borderline are frequently under-or over-treated, hence providing a reliable tool for the accurate assessment of these lesions is of great importance to their appropriate management. Coronary angiography has several known limitations, including a lack of correlation between the percentage of stenosis and the lesion's physiologic importance, and considerable inter-observer variability in classifying the lesion's severity. On the other hand, percutaneous coronary intervention (PCI) has inherent risks even in the most experienced hands. The possibility of procedural complications with PCI such as coronary dissection, no reflow phenomenon, in-stent restenosis, and stent thrombosis requires accurate stratification of patients with intermediate coronary lesions to appropriate therapy. The present study explores the use of FD-OCT as an ultra-high resolution intracoronary imaging tool with regards to its safety and efficacy to accurately assess and manage intermediate coronary lesions interventionally or medically, and will spark interest for further research in this specific setting to reinforce the concept being explores.
Research objectives
Our aim in designing this study was to demonstrate that FD-OCT is a safe and effective procedure to be performed when faced with intermediate coronary artery lesions during coronary angiography in the cardiac catheterization laboratory. As this is the first study to investigate the safety and efficacy of OCT in the setting of ICL, it will pave the way for further studies (multi-center, larger sample size, longer follow-up times) to be conducted to confirm our findings, and reinforce our conclusions and recommendations. In particular, these studies are expected to have higher statistical power, with a larger sample size and a more equal representation of patients from the different coronary artery disease (CAD) population subgroups. This paper will provide investigators from across the world a platform to improve on the study design, methodology in conducting studies with similar objectives, taking into account the difficulties we encountered in this study, and the related limitations that ensued.
Research methods
With the aim in mind of elucidating whether FD-OCT was safe and effective in treating ICL, we decided to conduct the study by including patients found to have borderline lesions on angiography in our cardiac catheterization laboratory, and who consented to the OCT procedure. Patients who presented with cardiogenic shock, acute stroke, renal dysfunction, left main stem ICL, and acute or chronic total occlusion coronary lesions were excluded from the study. Patients were assigned to either of the 2 arms of the study based on specific predetermined OCT criteria. Focusing importantly on the specific aim of our study, we clearly defined our primary efficacy endpoint (demonstration of the superiority and higher accuracy of FD-OCT compared to 2D-QCA in evaluating stenosis severity in patients with ICL), primary safety endpoint [incidence of 30-d major adverse cardiac events (MACE)] and secondary endpoints (MACE at 12 mo and other clinical events), and obtained the necessary 2D-QCA and FD-OCT measurements, as well as the follow-up statistical results on MACE and other clinical outcomes. These results generated enabled an indepth discussion and appropriate conclusions to be made. We hope that the methodology and study design used in our study will be useful in assisting investigators to design further studies with similar objectives.
Research results
The primary efficacy endpoint of our study was fully met, with statistically significant results clearly demonstrating that 2D-QCA overestimates the stenosis severity of the ICL in both the OCT-guided PCI and OMT groups. Our primary safety endpoint was also fully met, with none of the patients in the study experiencing any MACE at 30 d post-procedure. Incidences
